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Abstract
As current action remains insufficient to meet the goals of the Paris agreement let alone to stabilize
the climate, there is increasing hope that solutions related to demand, services and social aspects of
climate change mitigation can close the gap. However, given these topics are not investigated by a
single epistemic community, the literature base underpinning the associated research continues to
be undefined. Here, we aim to delineate a plausible body of literature capturing a comprehensive
∗
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spectrum of demand, services and social aspects of climate change mitigation. As method we use a
novel double-stacked expert—machine learning research architecture and expert evaluation to
develop a typology and map key messages relevant for climate change mitigation within this body
of literature. First, relying on the official key words provided to the Intergovernmental Panel on
Climate Change by governments (across 17 queries), and on specific investigations of domain
experts (27 queries), we identify 121 165 non-unique and 99 065 unique academic publications
covering issues relevant for demand-side mitigation. Second, we identify a literature typology with
four key clusters: policy, housing, mobility, and food/consumption. Third, we systematically extract
key content-based insights finding that the housing literature emphasizes social and collective
action, whereas the food/consumption literatures highlight behavioral change, but insights also
demonstrate the dynamic relationship between behavioral change and social norms. All clusters
point to the possibility of improved public health as a result of demand-side solutions. The
centrality of the policy cluster suggests that political actions are what bring the different specific
approaches together. Fourth, by mapping the underlying epistemic communities we find that
researchers are already highly interconnected, glued together by common interests in sustainability
and energy demand. We conclude by outlining avenues for interdisciplinary collaboration,
synthetic analysis, community building, and by suggesting next steps for evaluating this body
of literature.
1. Introduction
The Intergovernmental Panel on Climate Change
(IPCC) reports increasing risk of climate change
to human health, livelihoods, water supply, food
security, human security, and economic development
already appearing with global warming of 1.5 ◦C, and
more harmful impacts with 2 ◦C (IPCC 2018). Yet,
pathways limiting global warming to 1.5 ◦C would
require rapid and often far-reaching transitions in
energy, land, urban infrastructure (including trans-
port and buildings), and industrial systems. These
system transitions are unprecedented in scale, and
possibly also in terms of speed, and imply deep emis-
sions reductions in all sectors, a wide portfolio ofmit-
igation options and a significant upscaling of invest-
ments in those options (Geels 2018, IPCC 2018,
McMeekin et al 2019).
Avoiding the risk and harm associated with neg-
ative emission technologies, such as large-scale land-
system domination by bioenergy with carbon cap-
ture and storage, seems only possible with rapid
reductions in energy demand (Grubler et al 2018).
Demand-side measures, including energy efficiency
improvements, are considered as overall beneficial,
and mostly associated with no or moderate risks of
harmful side effects (Edenhofer et al 2014, Dubois
et al 2019).
Specifically, lowering energy demand growth is
key to managing trade-offs between Sustainable
Development Goals (SDGs) and creating syner-
gies instead (von Stechow et al 2016). While the
Global Energy Assessment started to systematically
cover consumption-based energy choices (Roy et al
2012), and some key contributions highlighted the
relevance of energy end-use choices (Wilson and
Dowlatabadi 2007, Wilson et al 2012), up to now,
demand-side options have not yet been systematically
covered and framed in IPCC reports (Creutzig et al
2016). Demand-side options are here understood as
mitigation solutions that relate to end-user demand
of services and products, and may include not only
end-users as consumers, but also service recipients as
political agents.
More precisely, demand refers to end-use demand
for services, such as nutrition, mobility, thermal
comfort and lighting. It emphasizes services rather
than consumption as essential dimension to guar-
antee constituents of wellbeing. A focus on social
aspects is equallywarranted, emphasizing the import-
ance of social dynamics and people in their various
roles as agents driving climate change but also cli-
mate change mitigation. In response to the realiza-
tion that demand-side and service solutions might
be of high relevance and importance, the next IPCC
report (AR6) will cover demand-side solutions in a
new chapter (chapter 5 of the WGIII: ‘demand, ser-
vices, and social aspects of mitigation’).
The social sciences need to play a core role invest-
igating preferences, norms and infrastructures in
individual and institutional decision making, and its
relevance for policy making; the role of social prac-
tices in organizing societies; they will need to address
ethical perspectives on the question of good living
in the context of demand-side solutions; engineering
and industrial ecology will provide portfolios of end-
use technologies compatible with demand and service
associated climate solutions; and global scenarios and
development studies will need to locate these solu-
tions as elements of climate stabilization pathways
and within the context of SDGs (Creutzig et al 2018,
Nerini et al 2019). These tasks may possibly be opera-
tionalized but are also very broad. Broad is also the lit-
erature base that could possibly underpin assessments
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of demand-side climate change mitigation. Nearly all
social sciences have to contribute some aspects to
these discussions. Even an exploratory study with a
small survey pointed to 96 different theories of socio-
technical change (Sovacool andHess 2017). It is hence
very challenging to gain safe grounds in, let alone syn-
thesize, the bodies of literature relevant for substanti-
ating an assessment on demand-side solutions.
Here, we aim to delineate a plausible body of lit-
erature capturing the whole spectrum of demand,
services and social aspects of climate change mitiga-
tion. Pragmatically, we take the IPCC’s government-
mandated outline of the corresponding chapter as a
starting point and strengthen it with expert assess-
ment of relevant and specific subtopics. By this we
obtain a bottom-up characterization of the literature
space.
For this study, we use bibliometric methods and
big data approaches applied to the literature. We
accept the premise that learning on climate solutions
can be crucially supported, albeit not achieved on its
own, by systematic methods and literature searches
(Minx et al 2017), and find encouraging support in
systematic and bibliometrically supported reviews on
the opposite end of climate change mitigation solu-
tions, namely negative emission technologies (Minx
et al 2018, Fuss et al 2018, p 2, Nemet et al 2018). We
also build on a systematic topography of the overall
climate change literature (Callaghan et al 2020). Our
specific contribution is amapping of academic papers
identified by systematically scoping the literature on
demand-side, service-oriented, and social aspects of
climate change mitigation.
2. Research design: a mixedmethods
approach
We approach the bibliometric exploration of the lit-
erature bodies relevant for demand- and service-
side solutions to climate change mitigation in
two steps: (a) Top-down searches, and (b) Expert
queries. We supplemented this with expert eli-
citation and a survey (SI) (available online at
stacks.iop.org/ERL/16/033001/mmedia).
The UN member states mandated the IPCC with
following an approved government outline for all
chapters (box 1, IPCC 2017). Here we follow this out-
line and code it into 17 queries for each bullet point
(see SI), thus scoping what governments consider be
the relevant literature for demand, services and social
aspects of climate changemitigation. These 17 queries
identify 57 131 unique papers as of May 2020.
Some issues are translated into search queries
nearly verbatim, such as ‘sustainable production and
consumption’, others require more interpretation to
become operationalized as search query. For example,
‘Culture, social norms, practices and behavioural
changes for lower resource requirements’ is trans-
lated into TS = ((‘culture’ OR ‘social norm’ OR
Box 1. Key issues provided by the governments
to address in chapter 5: Demand, services and
social aspects of mitigation
(a) Mitigation, sustainable development and
the SDGs (human needs, access to services,
and affordability)
(b) Patterns of development and indicators of
wellbeing
(c) Sustainable consumption and production
(d) Linking services with demand, sectors,
systems—implications for mitigation and
sustainable development
(e) Culture, social norms, practices and beha-
vioral changes for lower resource require-
ments
(f) Sharing economy, collaborative consump-
tion, community energy
(g) Implications of information and com-
munication technologies for mitigation
opportunities taking account of social
change
(h) Circular economy (maximizing material
and resource efficiency, closing loops):
insights from life cycle assessment and
material flow analysis
(i) Social acceptability of supply and demand
solutions
(j) Leapfrogging, capacity for change, feasible
rates of change and lock-ins
(k) Identifying actors, their roles and relation-
ships
(l) Impacts of non-mitigation policies
(welfare, housing, land use, employment,
etc)
(m) Policies facilitating behavioral and lifestyle
change
(n) Case studies and regional specificities
‘practice’ OR ‘behavioral change’) AND (‘resource’
OR ‘energy’)). Here TS is the Web of Science abbre-
viation for ‘topic’. Search queries are tabularized in
tables S1 and S2.
To constrain results to those relevant to climate
change mitigation, we also add the following term as
logical AND operation to the specific queries:
TS = ((‘CO2’ OR ‘carbon’ OR ‘GHG’ OR ‘green-
house gas’ OR ‘climate change’ OR ‘global warm-
ing’ OR ‘climate crisis’) NEAR/3 (‘trading’ OR ‘tax’
OR ‘control’ OR ‘regulation’ OR ‘mitigat∗’ OR
‘decarbon∗’ OR ‘reduc∗’)) NOT TS= (‘catalyst∗’ OR
‘distill∗’ OR ‘chemicals’ OR ‘super-critical’ OR ‘foam-
ing’ OR ‘pore’)
We call this the ‘mitigation query’. It is further
developed from the query used by (Lamb et al 2018).
(NEAR/3 required the words to be not more than
three words apart within the same document). The
3
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Figure 1. Number of articles resulting from specific queries. As some articles are found by more than one query, the total count
includes doublets or triples. Queries are all detailed in the SI.
mitigation query alone yields∼30.000 results in Web
of Science as of 21 December 2018. The yields in
response to combination with the specific queries are
summarized in figure 1, and the specific queries can
be found in the supporting information. In the res-
ult section, we evaluate the results of this query and
reveal the shortcomings of this approach.
Second, we asked domain experts in our team
to identify subjectively five of the most important
papers in their specific field relevant to demand, ser-
vices and social aspects of mitigation (see figure 1,
and SI for query details). We cross-checked whether
these papers were discovered by our top-down search
query. Over 50% were not discovered by the top-
down query.
Hence, we developed 27 search queries that are
investigating aspects of the issue list in much more
detail. These involve search queries that expand on
the search query for a specific issue and that may be
related to specific end uses. In particular, each topic-
related search query had to be associated with at least
one item from the government-provided issue list,
and possibly one end-use or more. As a general rule,
we dropped the mitigation query here, but instead
refined the issue-related part of the query to derive
a targeted set of queries (see supporting informa-
tion). We find 63 847 documents. Among those 34%
(21 913 documents) were also identified by the top-
down search query. Expert queries hence identified by
two thirds documents not yet obtained by IPCC quer-
ies, certifying the benefit of additional domain-expert
derived search queries.
For example, we developed a search query for
circular economy that involves synonyms, and that
involves a process systematically capturing the highly
relevant gray literature in this field. In other instances,
we derived search queries that address a certain class
of action, such as behavioral change, and combine it
4
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with certain end-uses, such as food consumption, to
cover highly context specific examples.
The approach taken is comprehensive in relying
on experts on all sectors, and on various different
approaches. Nonetheless, bias is arising from possibly
being incomplete and not having covered all topics
that others might deem relevant. Another source of
bias is that the experts involved may not cover geo-
graphical scopes and cultures completely. Our study
is also biased by language, only querying English-
language literature. Hence, there is certainly scope for
improved and additional queries, and the results rep-
resented should be understood as a first attempt to
define the literature base for demand-side solutions
for climate change mitigation, not as a final result.
To explore the content of the studies in our
queries, we apply topic modeling, an unsupervised
machine learning technique that allows to explore the
content in large collections of documents. Specific-
ally, for the topicmodeling, we use non-negativemat-
rix factorization (Lee and Seung 1999), an approach
that factorizes the term frequency–inverse document
frequency matrix V with i items and µ documents
into the matrices W (the topic-term matrix) and H
(the document-topic matrix):




With each column a of W being topics. Each
topic is represented by a distribution of words, in
which the words with the strongest weights indic-
ate the semantic content of the topic. Topics are
calculated using the scikit-learn library, and are
saved in a database and topic visualization sys-
tem, as developed by (Chaney and Blei 2012). Code
and additional information are published online at
https://github.com/mcallaghan/tmv.
Topic models for the 99 065 publications are cal-
culated for 20, 40, 60, and 80 topics. The relative use-
fulness of each model was assessed subjectively by the
authors, based on inspection of the online visualiz-
ation tool and the spreadsheet ‘SI_topicmodels.xlsx’
in the SI. The spreadsheet shows each set of top-
ics in adjacent columns. Topics from each model
are placed next to the topics with the largest num-
ber of each topic’s ten highest-scoring words in
common. This helps authors to find an appropri-
ate level of granularity for the analysis, even as dif-
ferent choices are possible. We make a judgement
based on subjective criteria, but the supporting data
file ‘SI_topicmodels.xlsx’ can be inspected for the
topic choices embedded in different models. While
the main conclusions remain intact irrespective of
model, we chose the topic models with 60 topics for
further analysis as it provided for specific topics of
interest for domain experts, such as tourism, without
splitting up into redundant topics.
To compare IPCC and expert queries, we compare
their respective topic models (figure S1). The results
reveal that topicmodels aremostlymatchingwell: one
topic cluster usually corresponds to a model cluster
in the other topic model (for example policy, social,
research corresponds to policy, adaptation, research).
However, there are some exceptions. For example, the
core query emphasizes life-cycle assessment (LCA),
a methodological term, which is not represented at
the high-level topic presentation of the wider topic
model. Instead, the wider model explicitly picks up
‘China’, the only geographical location in our topic
results.
These results suggest that the generic search of the
‘chapter’ queries is good in identifying the overall top-
ics. However, as expert domain queries find a high
amount of additional literature (41 934 documents),
expert search queries and knowledge remains import-
ant for identifying the in-depth literature.
Next, we used scoring by 20 experts to rank the 60
topics in terms of relevance as demand-side solutions
for climate change mitigation (SI_topicgrading.xlsx).
Each topics was scored by an integer number between
0 and 10, where 0 indicates zero relevance for cli-
mate change mitigation, and 10 indicates highest rel-
evance for climate change mitigation. We calculated
mean, median and standard deviation and ranked
them according to median score. We then filtered
out topics those were equal to or exceeded a median
score of 7.0, thus guaranteeing that at least half of the
experts scored the topic as highly relevant, resulting
into 24 topics.
Finally, we aimed to understand the content mes-
sages by each of the 24 relevant topics. For each topic,
we filtered out the ten papers that had the highest
topic score, and the ten papers with topic score above
0.1 that had the highest citation count (adjusted for
year since publication). We then read the 20 abstracts
and evaluated them according to whether they con-
tained relevant insights on demand-side solutions
for climate change mitigation. We compiled these
insights into table S3.
The overall workflow is reported in figure 2.
3. Results: disparate bodies of evidence but
converging agendas
The literature on demand-side and service-related
solutions for climate change mitigation is growing
exponentially (figure 3). Compound annual growth
rate, in average, is 16.4% from 1997 to 2018, with
growth rates above 20% for 2009 until 2017. The
overall literature on climate change grew by 13.7%
in average between 1997 and 2018 (Callaghan et al
2020, figure S1). Growth rates of this body of literat-
ure is smaller than the overall growth in literature on
climate change from 1997 to 2005, but higher from
2006 onwards (figure S2).
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Figure 2. Flow chart of approach.
3.1. Mapping topic models overlaps and
divergences
Locating the 99 065 results of the literature into
a thematic map reveals a broad landscape of top-
ics that provides orientation by mapping similar-
ity as the inverse of distance (figure 4). Using non-
negative matrix factorization, the 60 topic models
was extracted from the abstracts (see Methods, and
(Callaghan et al 2020)). The topic scores of each
document are reduced to two dimensions (using t-
distributed stochastic neighbor embedding (t-SNE)).
This method seeks to preserve small distance between
topically similar documents.
Themap reveals that those topics deemed relevant
by the expert judgment (relevance score⩾7) aremore
often occurring together than not and are mostly in
the West of the topic map. As illustration how liter-
ature on specific topics is distributed over the map,
we illustrated this distribution for the case of energy
demand in figure S5.
We identify four clusters that are dominated
by demand-related topics (figure 4). The policy
cluster is located in the center and includes policy
instruments, taxes, and cost-benefit analysis as top-
ics, and related encompassing issues, such as GDP
and low-carbon development. Located on top of
the policy cluster, a housing cluster includes topics
from buildings, to heat, community, rural house-
holds and cities, but also governance, thus specify-
ing the multiple stakeholders involved in built envir-
onments, beyond policy makers. Also the topic of
social housing and others clarify that the literature not
only addresses mechanistic aspects of building and
GHG emissions, but also the wider social context of
energy use. Further to the right of the policy cluster,
a food/consumption cluster summarizes issues on
diet and waste, but also consumption. A surpris-
ing tourism topic is located further out to the left,
related to overall consumption (footprints). Below
the policy cluster, a cluster on mobility encompasses
6
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Figure 3. Growth of literature that underpins demand-side and service-related aspects of climate change mitigation. Numbers for
2020 and 2021 are extrapolated from the compound annual growth rate 2014–2019 (∼15%). The number of publications in the
period of the 6th Assessment are projected to be nearly twice as high as the number of all publications before together.
topics like vehicles, travel, and transport. Electri-
city serves as a bridge between mobility and policy
clusters, inter alia substantiated, content-wise, by
the increasing importance of sector coupling for
decarbonization.
The other parts of the thematic landscape are
occupied by topics rated of less direct relevance to
demand-side climate mitigation. They include nature
related topics at the top right, such as soil, forests, and
water, some of them connected to the food cluster
via topics such as plant and crops. Another less relev-
ant cluster of topics relates to supply side topics, such
as wind, oil and gas that are connected to the cent-
ral policy and the mobility cluster via energy demand
and electricity, and also industry, located in the same
region of the map (figure S6).
The overall map depicts an overall logical rela-
tionship between topics. Exceptions include tour-
ism that is surprisingly disconnected to mobility
and transport topics, even though aviation domin-
ates the GHG emission footprint of tourism. Also
the work topic is more difficult to localize and
explain.
3.2. Expert synthesis of the key literature from
topic models
Next, we summarize the key papers from the topic
models, selected from the tenmost cited of each topic
model with topic score >0.1, and the 10 with highest
topic score. We find a wide array of insights, ranging
from the importance of consumption-based carbon
footprints, to sectoral interventions, to policy instru-
ments, and the key insight that demand and sup-
ply are interdependent and require joint considera-
tion (table S3). We further condense these insights
into headline statements in a clustered summary
(figure 5).
While the statements communicate content and
messages on their own, four important observations
can be drawn from analysis of their relations.
First, the central role of policy instruments
finds a specification in the wording of taxes as
part of comprehensive evolution of policy pack-
ages and appropriate sequencing. Recent literat-
ure connects the effectiveness of policy instru-
ments with fairness, achieved for example by pay-
ment of a climate dividend, thus guaranteeing
impartiality and social support of market-based
instruments. The policy literature also increas-
ingly relates to behavioral and sociological insights,
for example, showing that a price signal can trig-
ger the development of social norms, which in
turn leverage the otherwise possibly small price
effect.
Second, the housing related messages reveal that
buildings and cities are places where overall gov-
ernance, including all societal actors, and collective
action is advanced and investigated, emphasizing the
social dimension of action. Surprisingly, in our lit-
erature base governance is more related to the hous-
ing cluster than to the policy cluster. This is possibly
aligned to social housing and cities being places where
7
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Figure 4. A map of the literature on demand, services and social aspects of climate change mitigation. Dots show document
positions obtained by reducing the 60-dimensional topic scores to two dimensions aiming to preserve similarity in overall topic
score. The two axes therefore have no direct interpretation, but represent a reduced version of similarities between documents
across 60 topics. Documents are colored by query category. Topic labels of the 24 most relevant topics are placed in the center of
each of the large clusters of documents associated with each topic. % value in caption indicates the proportion of studies in each
‘relevance’ bracket.
polycentric governance and a multitude of actors and
perspective come together; or more generally, when
specific places, urban and rural alike, are considered,
people enter the picture, too.
Third, the consumption and food clusters puts
relatively more importance on the individual char-
acter of action, emphasizing issues like diet shift but
also tourism.Nonetheless, the literature also points to
the role of choice architectures, infrastructures, and
social norms, in addition to policy instruments, in
changing the opportunity space for new consumption
patterns.
Fourth, the role of thermal comfort in build-
ings, the role of active travel in transport, and the
role of diets in consumption all point to a strong
alignment of social and demand-side solutions for
climate change mitigation with wellbeing and indi-
vidual and public health, consistently acknowledged
if not emphasized in the literature.
3.3. Mapping epistemic communities via citation
patterns
What are the different epistemic communities
researching climate change mitigation? To answer
this question, we display papers clustered according
to joint citation regimes (figure 6). In each cluster,
manuscripts are related by joint citation patterns.
Neighboring clusters are closer in terms of citation
patterns than more distant clusters. Clusters which
are cited by many other clusters can be interpreted
as bridging topics, while for more isolated clusters
we identify opportunities for interdisciplinary
collaboration.
The bibliographic coupling network reveals that
most of the literature is connected by citation pat-
terns, directly or indirectly. Only small clusters are
unconnected to the main body of literature, specific-
ally those on metal and waste, but to some degree
also that on social housing. The special role of waste
8
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Figure 5. Cluster-oriented summary of key messages extracted from the highly relevant and highly cited academic publications of
each topic model.
in the literature had also been identified in (Lamb
et al 2018). The overall relation between the literat-
ure points to well-developed exchange between more
particular epistemic communities.
Broadly, patterns of the thematic map are
also reproduced in the bibliographic network.
Policy instruments are found at the top and top
left, with governance joining in on the top left.
Building and heat appear more on the bottom right,
transport and vehicles on the top right, and diet
and food on the bottom left. This confirms high-
level relationship patterns between different top-
ics of the demand-side literature on climate change
mitigation.
Some patterns of the bibliographic network are
nonetheless also different to those of the thematic
9
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Figure 6. Bibliographic coupling network of demand-side solution topics. Nodes represent articles scaled by total citations.
Proximity between nodes represents similar citation patterns. To identify communities, we specify clusters of proximate nodes
using a community detection algorithm, representing resulting clusters in colours. All articles in one cluster add with their topic
score to the cluster’s topic score. Topics that exceed 10% of topic score in each cluster are shown in the labels. For background and
similar approach, see (Lamb et al 2018).
map. For example tourism is rathermarginal in terms
of the specific topic vector. It is however central in
terms of citation patterns, relating to similar bod-
ies of literature as academic papers addressing other
demand-side topics.
In epistemic communities, different topics appear
together. The topic of sustainability appears as a glue
relating policy communities to part of the mobility
literature (clusters 5, 9, 13, 15, 21, 41). In turn, the
building communities are glued together by the joint
consideration of energy demand (clusters 6, 7, 8, 21,
22). This suggests that more abstract and encom-
passing topics serve as connection between different
epistemic communities.
4. Discussion and conclusions
Our compiled and comprehensive list of references
and abstracts includes more than 99 000 unique
studies and reveals that social science, engineering,
and environmental dimensions are all reflected in
the wider literature on demand-side climate change
mitigation. These involve, among others, a focus on
energy services, such as housing and mobility, life-
styles, as well as a relationship to material and macro
elements such as (urban) governance and infrastruc-
ture. It includes methods like life-cycle analysis, and
a technological stock-oriented focus on issues like
transport and buildings, representing engineering
approaches. Finally, mostly via food/diet, also dimen-
sions like agriculture, water and forests are explored
in the literature. The complete literature can be found
as CSV-file in the SI.
Admittedly, the literature on the demand-side
reflects recent trends in the overall literature on cli-
mate change mitigation. In the overall climate lit-
erature published since 2014 (when the 5th assess-
ment report of the IPCC was published), key topics
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Table 1. Outlook on potential further studies, with key topics, their description and questions, and indicative studies listed. Topics
identified by expert judgment, and are intended to bridge established topics and epistemic communities, thus connecting insights of
different clusters identified in figures 4 and 6.




How do practices and household time use depend on both
physical and social constraints and how do they impact
carbon footprints, consumption and well-being?






Who profits from what kind of urbanization patterns? How
does political structure translate into different urban form







What kinds of market-based, public, and communal
service provisioning systems and their institutions result
in low-GHG emission patterns?
(Brand-Correa
et al 2018,
Rao et al 2019,








How can urban design and policy choices shape and
leverage more comprehensive views of individual and social












Individuals are embedded in networks and heavily
influenced by others in terms of what they consume. Social
Network Analysis (SNA) can be used to integrate social,
environmental sciences and humanities to intervene for
action and respond questions such as, How effectively
diffusion of norms through existing networks can foster









Social contexts in energy consumption is key to
understanding the potential of demand-side changes. How
does perceived social status interact with household energy





Wolske et al 2020,
Ramakrishnan
et al 2020)
Lifestyle typologies Better understanding of lifestyles in different life stages
(e.g. the silver economy) and cultures, and resulting




that gained currency included ‘households’, ‘urban’,
and ‘China’ (Callaghan et al 2020). These topics are
also dominantly reflected in the demand-side and
service oriented climate change mitigation literature
(figure 5).
Our results cover a broad spectrum of issues. We
cover end-use sectors (transport, building, industry,
waste), and their services (mobility, shelter, heat-
ing and cooling, nutrition, tourism, other energy
services), governance and spatial scope (house-
holds, urban), macro-economics and resource use
(growth). Queries were put forward by psycholo-
gists, urban scholars, technology innovation studies,
industrial ecology, sociologists, and economists. We
tried to cover blind spots by a third set of queries.
Nonetheless, we certainly missed issues. Humanities,
such as philosophy and history, and ethnographic
and anthropological studies remain underrepresen-
ted, albeit this also reflects the relatively small num-
ber of publications from the humanities. Specific-
ally, humanities have a lower tendency to publish
in peer-reviewed literature. They instead publish in,
for example, authored or edited books. Also, schol-
ars in humanities publish in their original languages,
rather than in English, more often than in social
sciences or technical disciplines. Nonetheless, histor-
ical and ethical studies of low-carbon service provi-
sion systems deserve more attention and funding and
are to a large extent invisible within climate change
assessments.
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The diverse presentation of disciplines cover-
ing broadly similar questions is intriguing. Studies
approach the issue nearly always from one epistemic
perspective. However, the value of these studies is
of potentially high complementary value. Demand
side transitions may require truly interdisciplinary
collaborations or ‘deep interdisciplinarity’ across (a)
sectors, e.g. by studying interrelationships between
mobility, shelter and food demand; (b) training
and expertise, e.g. relating behavioral, building and
gender studies; (c) dimension, e.g. connecting dis-
courses, markets, and technologies; and (d) discip-
lines, science and social science with the arts and
humanities.
Resulting synthetic work, for example between
social scientists studying lifestyles or time use, and
industrial ecologists studying carbon footprints, have
considerable potential. Deeply interdisciplinary stud-
ies will certify some conclusions of previous stud-
ies through different but complementary lenses,
thus giving them more authority, while disapprov-
ing of other conclusions. Potential studies include
data-based studies on GHG emissions, and data-
based studies coding for various dimensions of
lifestyles (table 1). Other studies can explore the
upstream GHG emissions and resource and envir-
onmental implication of shifts in service provi-
sioning systems, such as urban reconfigurations
that enable high accessibility to health and edu-
cation by active modes, such as walking and cyc-
ling.
Finally, investigations of governance would bene-
fit from accurate understanding of existing lifestyles
in different life stages and cultures, their associated
GHG emissions, and trajectories and entry points for
a shift. The resulting opportunities and correspond-
ing examples are summarized in table 1. Together,
such studies can help to establish a new epistemic
community around demand-side solutions for cli-
mate change mitigation.
As a final note, we would like to raise a concern on
the ahistorical approach in the research on social and
demand-side solutions to climate change mitigation,
also evident in this paper. We find that the major-
ity of papers were published in the last 5 years, and
in a self-enforcing process only highlight English lan-
guage literature. The resulting impression is that of
a highly innovative research field. However, age-old
insights are neither adequately witnessed, nor is liter-
ature from historical studies comprehensively reflec-
ted. That may be a mistake. Already a local high cul-
ture 2500 years ago inscribed in what they regarded as
the center of the world the maxim of ‘ ’—
nothing to excess26.
26 ‘Nothing to excess’ is one of the inscriptions on a column in the
forecourt of the Temple of Apollo at Delphi, Greece.
Data availability statement
The data that support the findings of this study


















































Brand-Correa L I, Martin-Ortega J and Steinberger J K 2018
Human scale energy services: untangling a ‘golden thread’
Energy Res. Soc. Sci. 38 178–87
12
Environ. Res. Lett. 16 (2021) 033001 F Creutzig et al
Broadbent J and Vaughter P 2014 Inter-disciplinary analysis of
climate change and society: a network approach
Understanding Society and Natural Resources (Berlin:
Springer) pp 203–28
Brooks J S and Wilson C 2015 The influence of contextual cues on
the perceived status of consumption-reducing behavior Ecol.
Econ. 117 108–17
Callaghan MW, Minx J C and Forster P M 2020 A topography of
climate change research Nat. Clim. Change 10 1–6
Centola D 2010 The spread of behavior in an online social
network experiment Science 329 1194–7
Chaney A J B and Blei D M 2012 Visualizing topic models 16th
Int. AAAI Conf. on Weblogs and Social Media 6
Chapman R, Howden-Chapman P and Capon A 2016
Understanding the systemic nature of cities to improve
health and climate change mitigation Environ. Int. 94 380–7
Creutzig F, Fernandez B, Haberl H, Khosla R, Mulugetta Y and
Seto K C 2016 Beyond technology: demand-side solutions
for climate change mitigation Annu. Rev. Environ. Resour.
41 173–98
Creutzig F, Mühlhoff R and Römer J 2012 Decarbonizing urban
transport in European cities: four cases show possibly high
co-benefits Environ. Res. Lett. 7 044042
Creutzig F, Roy J, Lamb W F, Azevedo I M, de Bruin W B,
Dalkmann H, Edelenbosch O Y, Geels F W, Grubler A and
Hepburn C 2018 Towards demand-side solutions for
mitigating climate change Nat. Clim. Change 8 268
Dubois G et al 2019 It starts at home? Climate policies targeting
household consumption and behavioral decisions are key to
low-carbon futures Energy Res. Soc. Sci. 52 144–58
Edenhofer O et al 2014 Technical summary Climate Change 2014:
Mitigation of Climate Change. Contribution of Working
Group III to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change ed O Edenhofer
(Cambridge: Cambrigde University Press)
Fanning A L, O’Neill D W and Büchs M 2020 Provisioning
systems for a good life within planetary boundaries Glob.
Environ. Change 64 102135
Fuss S et al 2018 Negative emissions—part 2: costs, potentials and
side effects Environ. Res. Lett. 13 063002
Geels F W 2018 Low-carbon transition via system
reconfiguration? A socio-technical whole system analysis of
passenger mobility in Great Britain (1990–2016) Energy Res.
Soc. Sci. 46 86–102
Gonzalez G A 2009 Urban Sprawl, Global Warming, and the
Empire of Capital (Albany, NY: SUNY)
Grubler A, Wilson C, Bento N, Boza-Kiss B, Krey V,
McCollum D L, Rao N D, Riahi K, Rogelj J and Stercke S
2018 A low energy demand scenario for meeting the 1.5 ◦C
target and sustainable development goals without negative
emission technologies Nat. Energy 3 515
IPCC 2017 Approved outline to the Working Group III
contribution to the Sixth Assessment Report
IPCC 2018 Global warming of 1.5 ◦C An IPCC Special Report on
the Impacts of Global Warming of 1.5 ◦C above Pre-industrial
Levels and Related Global Greenhouse Gas Emission Pathways,
in the Context of Strengthening the Global Response to the
Threat of Climate Change ed V Masson-Delmotte et al
(Geneva: IPCC)
Javaid A, Creutzig F and Bamberg S 2020 Determinants of
low-carbon transport mode adoption: systematic review of
reviews Environ. Res. Lett. 15 103002
Jensen C L, Goggins G, Fahy F, Grealis E, Vadovics E, Genus A and
Rau H 2018 Towards a practice-theoretical classification of
sustainable energy consumption initiatives: insights from
social scientific energy research in 30 European countries
Energy Res. Soc. Sci. 45 297–306
Lamb W F, Callaghan MW, Creutzig F, Khosla R and Minx J C
2018 The literature landscape on 1.5 ◦C climate change and
cities Curr. Opin. Environ. Sustain. 30 26–34
Lee D D and Seung H S 1999 Learning the parts of objects by
non-negative matrix factorization Nature 401 788–91
Lutzenhiser L and Gossard M H 2000 Lifestyle, status and energy
consumption 8 pp 207–22
Mattioli G, Roberts C, Steinberger J K and Brown A 2020 The
political economy of car dependence: a systems of provision
approach Energy Res. Soc. Sci. 66 101486
McMeekin A, Geels F W and Hodson M 2019 Mapping the winds
of whole system reconfiguration: analysing low-carbon
transformations across production, distribution and
consumption in the UK electricity system (1990–2016) Res.
Policy 48 1216–31
Minx J C et al 2018 Negative emissions: part 1—research
landscape, ethics and synthesis Environ. Res. Lett.
13 063001
Minx J C, Callaghan M, Lamb W F, Garard J and Edenhofer O
2017 Learning about climate change solutions in the IPCC
and beyond Environ. Sci. Policy 77 252–9
Nagpure A S, Reiner M and Ramaswami A 2018 Resource
requirements of inclusive urban development in India:
insights from ten cities Environ. Res. Lett. 13 025010
Nemet G F, Callaghan MW, Creuzig F, Fuss S, Hartmann J,
Hilaire J, Lamb W F, Minx J C, Rogers S and Smith P 2018
Negative emissions—part 3: innovation and upscaling
Environ. Res. Lett. 13 063003
Nerini F F, Sovacool B, Hughes N, Cozzi L, Cosgrave E,
Howells M, Tavoni M, Tomei J, Zerriffi H and Milligan B
2019 Connecting climate action with other sustainable
development goals Nat. Sustain. 2 674–80
Pettifor H and Wilson C 2020 Low carbon innovations for
mobility, food, homes and energy: a synthesis of
consumer attributes Renew. Sustain. Energy Rev.
130 109954
Ramakrishnan A, Kalkuhl M, Ahmad S and Creutzig F 2020
Keeping up with the Patels: Conspicuous consumption
drives the adoption of cars and appliances in India Energy
Res. Soc. Sci. 70 101742
Ramaswami A 2020 Unpacking the urban infrastructure nexus
with environment, health, livability, well-being, and equity
One Earth 2 120–4
Ramaswami A, Russell A G, Culligan P J, Sharma K R and
Kumar E 2016 Meta-principles for developing
smart, sustainable, and healthy cities Science
352 940–3
Rao N D, Min J and Mastrucci A 2019 Energy requirements for
decent living in India, Brazil and South Africa Nat. Energy
4 1025–32
Rodriguez R S, Ürge-Vorsatz D and Barau A S 2018 Sustainable
development goals and climate change adaptation in cities
Nat. Clim. Change 8 181–3
Roy J, Dowd A, Muller A, Pal S and Prata N 2012 Chapter
21—lifestyles, well-being and energy Global Energy
Assessment—Toward a Sustainable Future (Cambridge:
Cambridge University Press) pp 1527–48
Smetschka B, Wiedenhofer D, Egger C, Haselsteiner E, Moran D
and Gaube V 2019 Time matters: the carbon footprint of
everyday activities in Austria Ecol. Econ. 164 106357
Sovacool B K and Hess D J 2017 Ordering theories: typologies and
conceptual frameworks for sociotechnical change Soc. Stud.
Sci. 47 703–50
Vita G, Lundström J R, Hertwich E G, Quist J, Ivanova D,
Stadler K and Wood R 2019 The environmental impact of
green consumption and sufficiency lifestyles scenarios in
Europe: connecting local sustainability visions to global
consequences Ecol. Econ. 164 106322
von Stechow C, Minx J C, Riahi K, Jewell J, McCollum D L,
Callaghan MW, Bertram C, Luderer G and Baiocchi G 2016
2 ◦C and SDGs: united they stand, divided they fall?
Environ. Res. Lett. 11 034022
Wiedenhofer D, Smetschka B, Akenji L, Jalas M and Haberl H
2018 Household time use, carbon footprints, and urban
form: a review of the potential contributions of everyday
living to the 1.5 ◦C climate target Curr. Opin. Environ.
Sustain. 30 7–17
13
Environ. Res. Lett. 16 (2021) 033001 F Creutzig et al
Wilson C and Dowlatabadi H 2007 Models of decision making
and residential energy use Annu. Rev. Environ. Resour.
32 169
Wilson C, Grubler A, Gallagher K S and Nemet G F 2012
Marginalization of end-use technologies in energy
innovation for climate protection Nat. Clim. Change
2 780–8
Wolske K S, Gillingham K T and Schultz P W 2020 Peer
influence on household energy behaviours Nat. Energy
5 202–12
Zedan S and Miller W 2017 Using social network analysis to
identify stakeholders’ influence on energy efficiency of
housing Int. J. Eng. Bus. Manage (https://doi.org/
10.1177/1847979017712629)
14
